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‘@ Ve appearance in MINOS

 Produce a high intensity beam of  Main Injector Neutrino

muon neutrinos at Fermilab. Secillziiom Seame
» Measure background at the Near >

Detector and use it to predict the
-ar Detector spectrum.

» If v, oscillate to v,, we will observe

an excess over the predicted
background in the data at the Far
Detector in Soudan.

. Fermilab

IL

1st generation
—long baseline—

A
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ﬂ MINOS Running Status

Run Il data analyzed, getting ready for Run Il data

Total NuMI protons to 00:00 Monday 15 June 2009

Protons per week (E18)
~J
Total Protons (E20)
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Searching for 043 in l\/\ll\JC)S$Q“P
s S

el LS

» The probability of v, appearance in a v, beam: S Ty
200 Am3,L
: , sin“(A — 1A A = 31
Py, > U.) = sin? 26;3)sin? fy3 (f(l = 1)2) AF

~ e : sin AA sin(A — 1)A
@a@m 2012 sin 2053 i ((A = 1)) cos A
, iy , sin AA sin(A — 1)A .
620@811’1 2015 sin 2055 7 ((A % 1)) sin A

» Searching for v, events in MINOS, we can access sin?(20,,).
& NOVA

» Probability depends not only on 8, but also on dcp. For large 6,;, a
measurements could be possible.

* Probability is enhanced or suppressed due to matter effects which depend
on the mass hierarchy i.e. the sign of Am?;; ~ Am?;, as well as neutrino

vs anti-neutrino running. * A 30% effect in NOVA, compared to 11% in T2K
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ﬂ Ve appearance in MINOS

» Select v, events by finding electron Q" Montecalo , selected
candidates in the MINOS Detectors. e | S
2000 :
- -~ beamv, CC |
* Measure the background from events > |
passing Vv, selection in the Near © 1000 |
Detector. £ |
o I 7
. T s e e =~ P
* Separate the main background components
NC e i CC si H Reconstructed Energy (GeV)
Py and beam VvV, since they
extrapolate differently.
. FarDetector  MINOS PRELIMINARY
* Extrapolate each background type to § MomeCarlo v, Selected |
: - S 6‘ — rjIC |
the Far Detector taking into account v, 2 | s e ]
: y o ~ - v. CC J
to V- oscillations. < 4 — osc.v, CC
>
&
 Look for an excess of v, events in the = 2
m [
Far Detector data. Cut and count events. 5
w G 2 4 6 g
+ Measure Sin2(2 913) ! Reconstructed Energy (GeV)
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Ve-selected Far Detector Data

* We observe a total of 35 events and expect
27 +5(stat)+2(sys) background events for 3.14 x 102Y POT.
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 Data outside signal region in Far Detector: muon removed and below
signal region samples. Both consistent within 1-2 G.
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& MINOS 90% CL in sin2201;

Fitting the oscillation hypothesis to our data

* Plot shows 90% CL limits in

Ocp VS. sin22013

* shown at the MINQOS best fit
value for Am23, and sin220,s.

e for both mass hierarchies

A Feldman-Cousins method was

used.

* Results are consistent with a

secondary selection and

background separation method.
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Feldman-Cousins C.L. contours for ANN
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3.14x10%° POT
sin’(260,;) = 1.0
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ﬁ MINQOS contribution to the global fits

""""" | | | frglial | | Taiainlal Inipalaia) Iuizlaial Ixndolnl
O I Atm & LBL & CHOOZ
f—_——————] Solar & KamLAND
b—a— ALL v oscillation data 2008
E S { ALL + MINOS 2009
0 001 __ 002 003 _ 004 005 006 007
. D
sin 91 3
Figure 4: Hints of 6,3 > 0 from different data sets and combinations: 1o ranges.

 Recent global fit to the world data by Fogli et al.
(arxiv0905.3549).

e sin%(20,,)=0 disfavored at 2 ©.
e Central value for sin%2(20,;) = 0.08 (or sin%(6,5)=0.02).
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Future 90% CL contours
7.0 x1029 POT

Potential Feldman-Cousins C.L. contours for ANN Potential Feldman-Cousins C.L. contours for ANN
.: | T T | T T T | i | T V T T | T T T T |
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5 PRELIMINARY . o PRELIMINARY
sin“(20,,) sin“(20,,)
Future measurement if data Future limit if excess cancels
excess persists. with more data.

We have doubled the data in before the shutdown:
Expect next results with 7.6 x 10?9 POT !
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ﬁ Ve MINQOS contributions and
prospects at ANL

« M. Sanchez : Co-leader of the v, appearance analysis group

in MINOS (‘04-"09). Co-author of the paper being submitted
to PRL as we speak.

 X. Huang: Important contributions to the analysis, in
particular studies on the intensity systematic.

* M. Betancourt: Added a fundamental cut to the analysis as
a graduate summer student. Now at UMN.

« New VvV, appearance analysis will use twice as much data
and requires better understanding of systematics.

» X. Huang: Calibration systematics, signal efficiency
systematics. Analysis file production.

* S. Budd: Beam systematics, including the understanding
flux differences in the new data and MC and beam v_ CC.
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 Use existing high intensity

beam of muon neutrinos at /NOVA FarDetector O
. N 7“1
Fermilab. 5 810 km—s,.QB.’IJNOS Har Dete“‘_"‘

= 7375“kmﬁ -

e Construct two detectors,
bigger detector off the main
axis of the beam.

e Location reduces
background for the search.

e If neutrinos oscillate, electron
neutrinos are observed at the
Far Detector in Ash River, 810
km away.
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&) Electrons and neutral pions
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NOVA is designed to search

for electrons.
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Integration Prototype Near Detector

 Full Near Detector will be placed on the surface outside of the
MINQOS building at 107 mrad off-axis from the NuMI beam,
dominated by kaon decays.

 Neutrino data will be available to validate reconstruction and
simulations in 2010!

 Cross-section measurements could be interesting!

_ v./10®pot/ 50 MeV | | VgHDz”potISO MeV
100 -

80 |
60 |

40|

20|
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2 NOVA sensitivity for 013

e NOVA Is sensitive to
electron neutrino
appearance down by an

order of magnitude at 90%
€=

 Reach is for 3 years of
running v, and v,

e Note contours for different
beam upgrades.
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2 Isthe mixing maximal?

Sensitivity on sin?20>3

i(insizti%/ity Contours (15 kt’36E20 POT) e NOVA’s narrow
AT 5 AR AR | L S LB ER AL LA -
 265F —tecL 3 band beam
S 2.6F Zoct s centered at the
‘é & « input paramter
R= e 7 best fit = peak of the
B ] IR 3 oscillation, allows
2.45F Gk e — =
il (/ b Q for a 1%
Ak b e / disappearance
= b e =
2.3 _ = measurement.
2.95F =
9 TN [OUPUPING [ ADEPRVE| SPEPIPIUYI COUTUTEIT, [PIPEIIRG) [RUTOPITY ATPAITE GOTEVIN (PET
6.9 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 _3'.:%-39 1|« Improve one order
23

of magnitude in
If combined with Double Chooz/Daya Bay sin228,;

it can break the ambiguity in 023,
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NOVA’s physics reach

Assuming 700 kW beam

90 and 99% CL measurements of sin226,3

sin226| ;=0, normal hierarchy, averaged over 0¢p g D O In te I‘p I’et th c

1 ) [ N A 46 - .
< oF | i ' ' -1 dates with the
— Sehabeafr(l m - 5
% 0085 E appropriate amount
0.07F = of salt:
0-065‘ _  Plots for data taken not
SSRF E analyses published.
0.04F E
0.03F E Schedules always
002 = change.
OO | = . 4 * Ifsin?2043 high,
010 2012 2014 2016 2018 2020 NOVA reaches it to
2 K Year s
Double Chooz  pymemmmmms SR o make precision
ava Bay
- - NOvVA
measurement.
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22 What if the mixing is large?

sin220,3=0.08

90 and 99% CL excluded regions of d¢p o N OVA can p Frov i d e

310720, =008, dcr = 3/2, normal hierarchy

90 and 99% CL measurements of sin“20,;
$in"20,,=0.08, 8¢y = 32/2, normal hierarchy

= 0.1 : l I ,
= 0.09:- ---------- world 9% CL__ E
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22 What if the mixing is small?
sin?2013=0.01

90 and 99% CL measurements of sin?20,, 90 and 99% excluded regions of dcp

= Ol_ T -‘]in?“':d:-m].bfpl:3?1'2]."‘:'"‘:‘“ :’“T‘“;h)" LB 2 Vi ki el e NOVA Can prOVide
g » : EP. : T | T I T | Y T T : . .
= 009f 1S4 E information about dcp
0.08F 1 16f . on Its own.
0.07F 1 14 -
: Bk ; e T2K+Daya Bay can
ol 1 1 : contribute.
0.05F . : 3
: : I » .
5 =4 1« All other experiments
04F 1 osf :
=1 = : need to be combined
g . ' 1 90%
0.02F e s for the world
001F 1 o> numbers.
0:1 L N e | 1: 0 , l . | 1 | , | 1 . . J t b t t,
2010 _2012_2014_2016 2018 2020 3010 2012 2014 2016 2018 2020 Ust Dy starting nova
o B S i R Year you cover half the 0cp
NOvA Dava Bay e — —
NOvA Space.

The addition of NOvVA data pushes World limit on

sin?2013 past 99% CL.
Mayly Sanchez - ANL/ISU ANL DOE Site Visit - Sept. 23-24, 2009



R, Resolving the mass hierarchy

sin220,3=0.08

Values of d¢p for which hierarchy is resolved at >95% CL
normal hierarchy, sin®20,;=0.08
2 I T | I | T I | |

/ « NOVA can resolve

q the mass hierarchy

NOvA alone on ItS Oown.

* 12K+Daya Bay
+DChooz+NOVA
create the larger
exclusion.
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Far Detector site

Aerial view on August 25

* The whole building
will contracted.

4/ » Accelerating
procurement of
materials:

) ?r* LJP‘" "‘A

¢£ l_

e PVC extrusions.

» Wavelength-shifting.
fibers.

i)
* Kicker parts.

Looking South
Ash River, MN
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Far Detector site

Aerial view on August 25

Looking South
Ash River, MN

Mayly Sanchez - ANL/ISU

* The whole building
will contracted.

* Accelerating
procurement of
materials:

* PVC extrusions.

» Wavelength-shifting.
fibers.

* APD:s.
* Kicker parts.
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W)
A OvA,

NOVA role and prospects at ANL

* M. Sanchez: NOVA is offline software
coordinator. Main goal is to get simulations and
reconstruction ready for the IPND. Some analyses
possible with these data.

* S. Budd: Beam simulations, in particular interface
to the GENIE flux driver. Interface to MINOS
beam monitoring and systematics.

 X. Huang: Simulations production and build new
GEANT4 interface. Stopping muon calibration.

 Both postdocs will be be involved in IPND
commissioning and analysis of IPND data.
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| BNE | BNE in a nutshell

no logo

 Redirect and intensify
your beam of neutrinos
at Fermilab.

* Construct even bigger
detector farther away , e,
 Default is 3 x 100 kton .
Water Cerenkov

detectors.

* If neutrinos oscillate,
electron neutrinos are
observed at the Far
Detector in Homestake,

1300 km away.
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LBNE Physics Reach

* Assuming:
e 2.3 MW wide beam

aimed at a 300 kton
Water Cerenkov or a 50

kton Liquid Argon TPC,

* 3 years of running for
neutrino and 3 years for
anti-neutrinos.

* For large 013, measure:
sin“26,, to ~5% and 6_  to ~15°

* Sensitivities at 3 sigma:

Sin?20_, >
sin?26_, # 0 0.004 (all &)
sign(Am?,,) 0.014 (all & )
CP violation 0.012 (50% &)
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Large-Area Fast Photosensors for LBNE

Arrival Time for Cherenkov Light from 500 GeV Gammas at r=15m in a 25m Cylinder

* Main interest to explore new e — Sdegrees
approaches to Water 120 20 degrees
Cerenkov. ‘::‘

* Goal is to improve o0
background rejection and N
vertex resolution using large- | T T
a rea/faSt ti m i n g p h Otose n SO rS . WetStemLikelihood Vs Angle for Different Binningsai:i'l"’i::me e
being designed at ANL. g -

= EE=R 400 psec binning
» Contributing to the s B 4000 pecc s

development of the Water 1500
Cerenkov simulations as they
are being worked on.

1000

500

0 —/

1
0 2 4 6 8 10

Mayly Sanchez - ANL/ISU M. Wetstein ~ angle (degrees)




LBNE prospects and plans at ANL

* M. Sanchez: Helping establish computing
infrastructure. Member of NuComp.

M. Wetstein, M. Sanchez:

» Joined the LBNE Water Cerenkov simulation group.

» Developing toy MC to test parameter space of
design parameters and select best avenues for
Improvement.

» Initial goal is to provide feedback to hardware
design group.

» Effort needs to grow in FTE. Collaborating with
UCDavis/UChicago.
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Summary

* ANL's continuing effort in searching for electron
neutrino appearance within the US long baseline
neutrino program:

 MINQOS continue to contribute to the v,
appearance analysis.

* NOVA prepare all the tools for the IPND data

analysis. Participate in the commissioning of
the IPND. Analyze data.

* LBNE contribute to the simulations work. Study
application of new photosensors to improve
physics in the Water Cerenkov detector.
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Backup slides



MINOS recent results

study “atmospheric” neutrino oscillation parameters

Am?,,
v, I --
1 0 e
Bve BVu Vz

PRL 101 131802 (2008)
PRL 101 221804 (2008)
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v Study v, disappearance as a
function of energy:

\J Precision measurements of

/ Am?,, and sin?(20,,).

|AmZ2,,| =2.43 £ 0.13 x 103 eV2(68% CL)
sin220,5 > 0.90 (90% CL)
x2/ndf=90/97

v Mixing to sterile neutrinos at
2 2

v Fraction of neutrinos that
oscillate into the sterile state.

Assuming no electron neutrino appearance:
f;=0.28%0-25 ) ,o(stat.+syst.)

f.<0.68 (90% CL)



The MINQOS detectors

e To first order functionally identical: Near and Far detectors

* 1 inch thick octogonal steel planes, alternating with planes of 4.1cm x 1cm scintillator
strips, up to 8m long.
 Near: ~ Tkton, 283 steel squashed octagons. Partially instrumented. 153 scintillator
planes. Requires faster readout.

e Far: 5.4 kton, 486 (8m/octagon) fully instrumented planes.

\a
o’ ’ \3

e f!ll ﬂ —— |
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e 14 kton Detector (~3x MINQOS).
e >70% active detector.

The NOVA Detectors

* Plastic cells filled with scintillating mineral oil.
 Each plane just 0.15 Xo. Great for electrons (in MINOS 1.44 Xo).

e Cellsare3.9 x 6.0 cm.
o5 6 <516« 63 o Far:
e 42 x2.9x15.3 m for Near.

Mayly Sanchez - ANL/ISU

Now also starring as
the IPND. To be
placed on the
surface before
going underground
at the Fermilab site.
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 Test running with the Near
Detector placed on the
surface outside of the

MINQOS building.

e Start taking data Spring
2010.

By the Fall 2011, it will be
moved into the MINOS
access tunnel for physics
data-taking at 14 mrad just
like the Far Detector.
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< The Near Detector and
the Integration Prototype Near Detector

\\\\\\

Muon catcher
2.7 m iron

>
/./ Shower containment region
3
,//

L;}'/ ——

Target region

— Veto region

222 tons total mass
125 tons active volume
23 tons fiducial volumen
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Proposed detector technology

e Baseline is Water Cerenkov
detector.

e Initial detector 300 kton in 3
modules of 100 kton fiducial
Erien

 Cylinder of 50-60 m in
diameter and height.

* Depth 4200 mwe.

* PMT coverage 25%, 10-12
inch PMT.

e Cost ~115 M/module
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The NuMI Beam

NeUtrinos from the

e NuMl is primarily a v, beam. Main Injector

e 1.3% of v, contamination from pion

I—l ] ¥ -8 l e | L) I [} LI l R R l I I I I I-
and kaon decays. L[ MINOS Near Detector ‘
e Neutrino spectrum changes with : Ay« Low energy beam (x2)
target position with respect to 'é 205_ . ° :igh:r:fy beam
focusing horns. = Bl
: T 5 9 — Fluka05 MC -
e We use v, CCevents in ND to R B
constrain flux. = :
: : : £ 101 =
e Region of interest dominated by s | ~
w | i
events from secondary muon decays, 51 a
e Constrained by v, CC spectra. i "
T R R & SN R PRG 3 S teava o A
% 5 10 15 203050

e Uncertainties on the beam v, flux in
Reconstructed neutrino energy (GeV)

the region of interest are ~10%.
Measured v, CC events
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Neutrino Event Topologies
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Neutrino Event Topologies

To select v, CC we focus on finding compact showers.

MC events ;
R -v*7~r-“r'?* e ?" ] I T | TrTr-
Vv, CC Event
E [ E | “Irreducible”
. = 0.2b € 0.2
Signal g | $ 0 Background
€ of A ol
8 | g O
g 5 s |
2.0.2 e
'g .g-0.2
0.4
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ﬁ v, disappearance in MINOS

— 7.2x10% POT v, Mode
—— 1.0x10*° POT ¥, Mode "

— 2.0x10% POT ¥, Mode

* Plan to reverse horn R T N\ 40<10” POT ¥, Mode_

....... 5.0x10% POT v, Mode _

current in NuMI magnetic
horns from Sept '09.

* MINOS can directly
observe v, disappearance

at the 7 O Ievel W|’[h ; MINOS Preliminary

5 x 1020 POT ‘ Low Energy Beam:
: | % 02 04 06 08

sin“(20)

4+ First direct observation of v in an accelerator long
baseline experiment.
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Off-axis NuMI Beam

Medium Energy NuMT Beam Tune
T ] 1 I T 1 T T ' T T T .. ! T L
30 [ ratesfor L = 810 km **° =

]O-rvvlvlv[vrvllvvlrvvlvvrlvvv]rvv"lrlvrv Y

oF E,=0.43E_/1+7°0°) :

25

20

15

E (GeV)

10

v CC events/kt/3.7E20 POT 0.2 GeV

H

e E, (Gev)

o Off-axis yields a narrow band beam. Peak sits just above oscillation
maximum with 5 times the flux than on axis. High energy tail is
suppressed.

e Upgrade neutrino beam intensity from 320kW to 700kW:
 Use the recycler ring to store 12 batches while Main Injector ramps up.
» Rate of Main Injector increases cycle time from 2.2 sec to 1.33 sec.
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Off-axis NuMI Beam

]O-rvv]rlv[vrtl'rv]rv1l'vvlvvv]rvl'lvrlvvl

oF E,=0.43E_/1+7°0°) :

E (GeV)

H

v CC events/kt/3.7E20 POT 0.2 GeV

30

25

20

15

10

Medium Energy NuMT Beam Tune
T ] ' 1 ] T T T 14 l T T 1 L. B 8 3 B B

L . > “.‘.. N
L rates for L = 810 km , * =

* Beam performance:

* 10 psec spill every 1.3 sec.

* 4.9 x 10" POT/spill.

s DS IIVER@Il dave s6 00 R@IlF v
 Running planis 3 yrs v, and 3 yrs v,,.
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Detector Elements

64 fiber
bundle @

APD Module
There are 11,160 detector modules for

“Clam Shell”
Optical Housing

~

—

the NOVA Far Detector.

« Each module is made of two high

module wide X or Y measuring planes.

Carrier Board
w/ APD chip

‘Heat Sink o
Interface

of scintillator.

/.-— manifold cover

side seal
& hangar
/—\ snout (back)
bottom raceway N
% \/ optical connector
center seal ———___ k
& hangar snout (front)
top raceway
I

extrusion fiber cover
asscmmbly

side seal
& hangar

— distributed fill tube

Mayly Sanchez - ANL/ISU

total of 357,120 separated detector cells in

12,500 km of 0.7 mm fiber, 3 M gallons

d

To APD Readout

reflectivity PVC extrusions. Combined 12

Scintillation Light

T
——— .
"""
*
“"
""""
"""
"""
‘‘‘‘
.
Particle Trajectory
Waveshifting
Fiber Loop
3.9cm

v

ANL DOE Site Visit - Sept. 23-24, 2009

.
o*
.*

.*



0 vs. 0,3 Contours: Examples

1 and 2 ¢ Contours for Starred Point for NOVA 1and 2 ¢ Contours for Starred Point for NOvVA
-~ 2 T 2
— " NOVA = " NOvA
“© 18 [ MR =
16 F 16 -
: [ 5 iy
' 3 I sin“(20,,) =1
2 12 F
1.2 ; E NOvA 3 years
. ik s at 700 kW
5 5 ; [ foreach vand v
0.8 | T d 08
06 [Amy?=241070V" a2 o 0.6 - = Am? > 0
| sin (20,3) =1 - Am2 < 0 b  AmZ <0
04 | 0.4
. NOVA 3 years £
0.2 " at 700 kW SN 0.2 _'_-
" foreach vand v ol , . . :
0 i i N L T 1o ho"l | l.. ¢ E 0 i 0 5 Ly qeeemglc g =) BRI T B S R
0 002 004 006 008 0.1 0.12 0 002 004 006 008 0.1 0.12
. 2 S Ty
2 sin’(6,,) sin®(26,,) 2 sin"(B,5) sin"(26,5)
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95% CL Resolution of the Mass Ordering

NOVA alone

-~ 2 —m—m————
! [CNOVA: e e
© 18 F 3
16
14 |-
12 B e
1 F L=810km, 15kT B i, e
: Am822=2.410’39V2 T
0.8 [ sin“(26,,) =1
- Am’>0
06 [
- 3 years foreach vand v
0.4 [ NOVA at 700 kW,
- 1.2MW, and 2.3MW
0 &= 0
0 [ ! ! | " N T L l.-”:..’-;:es
0 0.05 0.1 0.15

2 5in’(6,,) Sin®(26, ;)
Normal hierarchy
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L =810 km, 15 kT
Amy? = 2.4 107 oV?
sin“(26,)) =1

Am2<0

3 yoars for each v and v
NOvA at 700 kW,
1.2 MW, and 2.3 MW

........
A

| 0.15
sin®(26,,)

Inverted hierarchy
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1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

95% CL Resolution of the Mass Ordering

NOVA + T2K

" NOVA + T2K .
i 3 years for each v and v
2 NOvVA at 700 kW,
i 1.2MW, and 2.3MW
+ T2K 6 years of v
at nominal, x2, and x4
_ L=810km, 15 kT
- Amg2=24 107 oV?
[ sin™(20,;) =1
- Am%>0
L 1 1 1 A..l. Lk 1 | L 1 1
0.05 0.1 0.15

2 sin’(6,,) sin’(26,,)

Normal hierarchy
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L =810 km, 15 kT
Amg,? = 2.4 107 aV?

[ sin"(20,,) =1
i Am’ <0
B 3 yoars for each v and v
2 NOvA at 700 kW,
E 1.2 MW, and 2.3 MW
i + T2K 6 yoars of v
B at nominal, x2, and x4
- NOVA +T2K
L 1 1 1 L a1 1 1 1 L |
0.05 0.1 0.15

2, 2
2 5in’(0,,) sin’(26, ;)

Inverted hierarchy
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95% CL Resolution
of the 023 ambiguity

1

’?c?l NOvA (15kT) + Reactor
e e & Am,2 = 2.4 10° oV? B s T
* Ambiguity is resolved to N = P
: =
the right and below the |
curves.
e 096 [
* Sensitivity depends on ;
mass ordering, Ocp, and :
. . . 094
the sign of the ambiguity. _
e Curves represent average 092 - {4l ShysarsROnoRChi/IaGY
E ! NOvA at 700kW, 1.2 MW, and 2.3 MW
over parameterS. i + a reactor with ¢ = 0.005
0.9 - ' A .‘;1 .': | ! ! ! ! | ! ! ! ! |
0 0.05 0.1 0.15
sin®(20,,)
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Proton plans

Proton
Plan
- Multi- v
Operating batch Multi-batch
Conditions sSlio- Slip-stacking
(May 2007) stacl?ing in Recycler
| in Ml
- 8 GeV Intensity 12 12 12
(p/Batch) 4.3 -4.5x10 4.3x10 4.3x10
Number of 8 GeV
| Batches to NuMl s " 2 Bpsizd
- MI Cycle Time (sec 2.4 28 1.3 NuMI.
MI Intensity opegqt;ng ;
(protons per pulse or 3.3x10™ 4.5x10" 4.9x10" conditions for
PPP) NOvA
.Ml to NuMI (ppp) 2.45x10" 3.7x10" 4.9x10"
NuMI Beam Power
(kW) 192 320 700
rI:’I:l'lol;lclms/year to 251020 3x102° 6x10%°
- MI Protons/hour 4.95x10'° 7.3x10"° 1.3x10""

A

NuMI operating conditions for
MINOS through summer 2007

Mayly Sanchez - ANL/ISU

A

NuMI operating conditions for

MINOS fall 2007 to present
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e NOvVA has reached o
EB8a €Bh3beisiindhe s .,
works. 60

NOVA Status and Plans

M$/FY

. New

| Baseline

New budget is front
loaded, new schedule =
reflects that:

A R RN .

ARRMNRRRRTTTNS.S

NNy

~

AN

N

=N/ I |

FY06 FYO7 FY08 FY09 FY10 FY1 FY12

Y13 FY14

-

» Assembly R&D effort is in progress.

Prototype Near Detector (IPND) will be installed on
the surface next year sitting far off axis of the MINOS
beam.

Far Detector site ground broken and building
construction has started.
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© Assembly R&D Effort

 Construction of the Full Scale
Assembly Prototype (FSAP)
was just completed at
Argonne:

 Construction of 6 full size
planes for time and motion
studies and placement
precision.

* Next will be the Full Height
Engineering Prototype (FHEP)

which will be mounted in the
CDF building.
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Far Detector site

e Beneficial
occupancy:

* Assembly area
July 2010.

e Full building
Nov 2010.

Expected Next Summer

* First 2.5 kT operational by
lan=2.002  Ell - Fak Detector
operational mid-2013.
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Two proposed detectors

Liquid Argon TPC as alternative
or complementary detector.

Initial detector 60 kton,
modules of 20kton each?

R&D program in progress,
largest detector to date: 0.6 kT.

Staged approach: ArgoNeut,
MicroBoone, 5kT.

Goal near-perfect efficiency
and purity.

Reconstruction algorithms in
development.

Mayly Sanchez - ANL/ISU
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ArgoNeuT first neutrino event!
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Fast Timing

New Detector R&D Project

— Collaboration between U of Chicago, 4 Divisions at Argonne, and several other
Universities

Goal: provide cheap, large-area photo-detectors, with precision time resolution [O(1)-
O(100) psec, depending on the application].

« Based on Micro Channel Plate (MCP) technology

I3 ':‘Q' o
Tube Window with
photocathode

e e e

e e

SANANRNN
7 Dt ke

Charge Cloud,
Charge distribution on strips

7/13/09 Matthew Wetstein - LBNE
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Fast Timing

« MCP’s are traditionally expensive. Dynode pore-structures micro-machined out of ceramics.

*  Our strategy:
— Use cheap, batch methods to produce pore-structure (glass filters, Anodized Aluminum Oxide)
— Use ALD to coat the pores with the appropriate semi-conductor materials.

— Build into large-area plates with fast, custom front-end electronics.

7/13/09 Matthew Wetstein - LBNE
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Fast Timing

Group velocity versus wavelength in GEANT...
Problems with how GEANT approximates dn/dlogE

Entries 800 Photon time of flight vs wavelength
Mean x 229.5

Mean y 419.8 700
RMS x  0.3426 }
RMS y 94.7 650|

L
-
o
=
A,
[0,
>
®
2

225 226 227 228 229 230 231 232 233 234

arrival time (ns) 20050 225 230 235 240 245 250 255 260
Time (ns)
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